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Catalytic, enantioselective Mannich-type reactions of N-acylimino esters for direct formation of N-acylated amino acid derivatives are described.
A chiral copper catalyst prepared from Cu(OTf), and a chiral diamine ligand is used. A novel inhibitor of ceramide trafficking, HPA-12, is

efficiently synthesized using this reaction.

Many biologically important, chiral N-acylated amino acid
derivatives are observed in Natdrdn particular, our
laboratories have focused onRBR)-N-(3-hydroxy-1-hy-
droxymethyl-3-phenylpropyl)dodecanamide (HPA-1P(Fig-
ure 1), a new inhibitor of ceramide trafficking from
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Figure 1. A novel inhibitor of ceramide trafficking, HPA-12.
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endoplasmic reticulum to the site of sphingomyelin (SM)
synthesis. HPA-12 is the first compound of a specific
inhibitor for SM synthesis in mammalian cells and is
expected as a drug that inhibits intracellular trafficking of
sphingolipids?

For the synthesis of these compounds, catalytic enantio-
selective Mannich-type reactiohsf a-imino esters with

(1) For example: (a) Helms, G. L.; Moore, R. E.; Niemczura, W. P.;
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enolates would provide an efficient method. We have recently min.!* The yield was dramatically improved, and the desired
developed zirconium-catalyzed enantioselective Mannich- adduct was obtained in 92% yield with 94% ee.
type reactions,and other groups have also reported metal-  Several examples of the Mannich-type reactions are shown

catalyzed asymmetric Mannich-type reactionsosfmino in Table 2.N-Acetylimino este@b also reacted smoothly to
esters. In these reactions, however, the N-protected groups afford the desired adduct in high yield with excellent ee.
of the products have to be removed and then acyfakéore For N-benzoylimino este2c, the use of Cu(OT#ligand3e

conveniently N-acylimino esters would react with enolates only gave a low ee (58% vyield, 14% ee). In this substrate,
to afford N-acylated amino acid derivatives directly. How- high ee’s were obtained when CuGI@CH;CN—(S)-xylyl-
ever, the starting materialdl-acylimino esters, are known BINAP was used as the catalyst (Table 2, entrie9p As

to be unstable in several cases, and their use in organicfor enolate components, silyl enol ethers derived from
synthesis has been limited. In this Letter, we report the first ketones, an ester, and a thioester worked well. Moreover, it

enantioselective Mannich-type reactions Nfacylimino s noted that an alkyl vinyl ether also reacted smoothly to
esters using a chiral copper catalyst. Efficient synthesis of afford the corresponding N-acylated amino acid derivatives
HPA-12 using this reaction is also described. in high yields with excellent ee’s. In the reaction of the alkyl

We have quite recently developed a convenient preparation
method ofN-acylimino esters using a polymer-supported  (3) Kobayashi, S.; Ishitani, H-hem.Rer.1999,99, 1069.

ine’? i i _ imi (4) (a) Ishitani, H.; Ueno, M.; Kobayashi, 3. Am. Chem. Sod.997,
amine: ACCOI’dlng to this meth_od}l aCy“mm.o eSteeaWaS 119, 7153. (b) Kobayashi, S.; Ishitani, H.; Ueno, 8.Am. Chem. Soc.
prepared from the correspondiagechloroglycine derivativé, 1998,120, 431. (c) Ishitani, H.; Ueno, M.; Kobayashi, $.Am. Chem.

and the Mannich-type reaction with the silyl enol ether ’\S/Iocgr?_oq 122H8%8?- (ﬁ)dKOg%gihé?S-ééSlhita”ivH-?Yamasmaf Y.; Ueno,
. - : ; ., Shimizu, H.Tetrahedro ,97, 861.
derived from acetophenone was examined using a chiral™ 5y’ ) Hagiwara, E.. Fujii, A.: Sodeoka, M. Am. Chem. Sod.998,

catalyst. After screening various metals and chiral ligands, 120, 2474. (b) Ferraris, D.; Young, B.; Dudding, T.; LectkaJTAm. Chem.
it was revealed that a chiral copper catalyst prepared from S0¢.1998,120, 4548. (c) Ferraris, D.; Young, B.; Cox, C.; Drury, W. J.,
. . . Ill.; Dudding, T.; Lectka, T J. Org. Chem1998,63, 6090. (d) Fuijii, A.;
Cu(OTf) and chiral ligande® was effective. The effects of  Hagiwara, E.; Sodeoka, M. Am. Chem. S04999,121, 5450. () Ferraris,
chiral ligands and reaction conditions are summarized in ?é:gg%idlggég-:(f;/gung,_B-bDr$ry, W.g.,gl;dbectka%.% Org-VShJen:il
10 . . ,04, . erraris, D.; Young, b.; budaing, I.; Drury, BN N | | P
Table 1. When CuCI@4CH;CN'® was combined with (S)- | ectka, T. Tetrahedron1999, 55, 8869. (9) Juhl, K.; Gathergood, N.;

Jargensen, K. AAngew. Chem., Int. E®001,40, 2995.

(6) Quite recently, we have completed the first asymmetric synthesis of
I ea 12 Seeref 16,

(7) Kobayashi, S.; Kitagawa, H.; Matsubara, R.Comb. Chen2001,

Table 1. Effect of Chiral Ligands and Reaction Conditions 3, 401.

o 0 (8) N-Acyl-o-chloroglycine ethyl esters were readily prepared from
)j\/N CoH OSiMes (%ﬁ‘:(')!ﬁ}) )J\ N-acyl-o-hydroxyglycine ethyl esters by treatment with SQGFor the
EQ” g s )\ _ MO | CyiHgm NH O preparation ofN-acyl-a-hydroxyglycine ethyl esters, see: Schmitt, M.;
o Ph CH,Cl, EtoNPh Bourguignon, J.; Barlin, G. B.; Davies, L. Rust. J. Chem1997,50, 719.

2a -78°C, 18h 5 See also: Kober, R.; Steglich, Wiebigs Ann. Chem1983, 599.
Sa (9) (@) Mimoun, H.; Laumer, J. Y. S.; Giannini, L.; Scopelliti, R.; Floriani,
C.J. Am. Chem. S0d.999,121, 6158. (b) Cavallo, L.; Cucciolito, M. E.;
catalyst yield (%) ee (%) Martino, A. D.; Giordano, F.; Orabona, |.; Vitagliano, &hem. Eur. J.
2000,6, 1127, and references therein.
CuClO,4CH;CN + xylyl-BINAP* 69 12 (10) For the preparation of CUCIACH:CN, see: Kubas, G. Ihorganic
CuClO,4CH;CN + 3a 62 8 Synthesis; Shriver, D. F., Ed.; Plenum: New York, 1979; Vol. XIX, p 90.
Cu(OTf), + 3a 25 63 (11) Provided from Takasago Chemical Co. Ltd. For the preparation of

xylyl-BINAP, see: Mashima, K.; Kusano, K.; Sato, N.; Matsumura, Y.;

Cu(OT), + 3b 32 63 Nozaki, K.; Kumobayashi, H.; Sayo, N.; Hori, Y.; Ishizaki, T.; Akutagawa,
Cu(OTH), + 3¢ 24 75 S.; Takaya, HJ. Org. Chem1994,59, 3064. The use of xylyl-BINAP,
Cu(OTf), + 3d 12 52 see, for example: Ohkuma, T.; Koizumi, M.; Doucet, H.; Pham, T.; Kozawa,
Cu(OTf), + 3e 20 80 M.; Murata, K.; Katayama, E.; Yokozawa, T.; Ikariya, T.; Noyori, R
Cu(OTf), + 3f 32 64 Am. Chem. S0d 998,120, 13529.
Cu(OTf), + 3e 92 o4t (12) For the use of the CtBINAP system in enantioselective reactions
of a-imino esters, see: (a) Drury, W. J., lll; Ferraris, D.; Cox, C.; Young,
R = o -t B.; Lectka, T J. Am. Chem. So&998 120, 11006. (b) Yao, S.; Johannsen,
Ph? ph 3a:R =Ph 3d: R =3,5-d'BuPh M.; Hazell, R. G.; Jgrgensen, K. Angew. Chem.,(lr'?t. Ed998 37, 3121.
—NH HN— 3b: R = 4-MePh 3e: R = 1-Nap (c) Yao, S.; Fang, X.; Jergensen, K. Bhem. Commuril998, 2547. (d)
H R 3¢:R=35-diMePh  3f: R =2-Nap Fang, X.; Johannsen, M.; Yao, S.; Gathergood, N.; Hazell, R. G.; Jgrgensen,

K. A. J. Org. Chem1999,64, 4844. (e) Juhl, K.; Hazell, R. G.; Jgrgensen,

o ) . . K. A. J. Chem. Soc., Perkin Trans1999, 2293. (f) Johannsen, I€hem.
3 (9-(—)-Bis[bis(3,5-dimethylphenyl)phosphino]-Istiinaphthyl.> 0 °C. Commun1999, 2233. (g) Saaby, S.; Fang, X.; Gathergood, N.; Jgrgensen,
K. A. Angew. Chem., Int. EQ00Q 39, 4114. (h) Yao, S.; Saaby, S.; Hazell,
R. G.; Jgrgensen, K. AChem. Eur. J2000,6, 2435. (i) Knudsen, K. R.;
11-13 . . Risgaard, T.; Nishiwaki, N.; Gothelf, K. V.; Jgrgensen, K.JAAm. Chem.
xylyl-BINAP 1“3 and used as a catalyst, a low enantiomeric soc.2001,123, 5843. (j) Nishiwaki, N.; Knudsen, K. R.; Gothelf, K. V.
excess (ee) was obtained. On the other hand, in the presencégrgensen, K. AAngew. Chem., Int. EQ001,40, 2992. Cf. (k) Kruger,

; ; J.; Carreira, E. MJ. Am. Chem. S0d.998,120, 837.
0, ) ) y ,
of Cu(OTf), and ligand3e (10 mol %),2aand the silyl enol (13) For other chiral Cu-catalyzed reactions, see, for example: (a) Evans,

ether were added successively to afford the desired adduch. A.; Tregay, S. W.; Burgey, C. S.; Paras, N. A.; Vojkovsky,JT Am.
i 0 i i i i Chem. Soc2000,122, 7936—7943. (b) Johnson, J. S.; Evans, DA&Cc.
m. 80% ee, but in low yield. In this case, formatlon. of .a Chem. Res2000, 33, 325. (c) Bromidge, S.; Wilson, P. C.; Whiting, A.
dimer of2awas observed, presumably due to contamination Tetrahedron Lett1998,39, 8905. (d) Jnoff, E.; Ghosez, Il Am. Chem.
by water. We carefully performed the reaction under Soc.1999,121,2617. (e) Audrain, H.; Jargensen, K.JAAm. Chem. Soc.

anhydrous conditions, and the silyl enol ether was added toao wy2; 13543 () Gathergood, N.; zhuang, W.; Jargensen, 19.A.

the catalyst first and theRa was slowly charged over 20 (14) Experimental details are shown in Supporting Information.
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Table 2. Catalytic Asymmetric Mannich-Type Reactions

o)
3 Catalyst
LN R R4 /OR (10 m03I1%) R1)J\I§H o]
EtO Yot %Rz CH.CL. 181 EtON 2
0 R4 2Ula, R
2 o R* R*
5
no. R! R2 R3 R4 cat.2 temp (°C) product yield (%) ee (%)b
1 C]_]_Hzg (2a) Ph SiMe3 H A 0 5a 92 94
2 CuiH23(2a) MeOPh SiMes H A 0 5b 97 92
3 Ci1H23 (2a) CIPh SiMes; H A 0 5c 88 93
4 Ci1H23 (2a) Ph Me H A 0 5a 85 90
5 CHs (2b) Ph SiMes H A 0 5d 85 94
6 Ph (2¢c) Ph SiMes; H B —78 5e 79 97
7 Ph (2c) MeO SiMes Me B —78 5f 81 96
8 Ph (2¢c) EtS SiMes; H B —78 59 76 90
9 Ph (2c) Ph Me H B —78 5e 77 95
aA: Cu(OTf), + 3e. B: CuClQ-4CHsCN + (S)-xylyl-BINAP. P For determination of absolute configurations, see Supporting Information.

vinyl ether, the initial adduct was vinyl ethdr which was acylated for the preparation of the N-acylated amino acid

converted to the corresponding amino acid derivaiivader derivative, and total efficiency was moderate (total yield

acidic conditions. A possible mechanism for the formation 6.0%, six steps). The Mannich-type addusa) was treated

of 4is [4 + 2]-cycloaddition of2a and the alkyl vinyl ether  with K-Selectride at-78 °C for 2 h'” and then LiBEsH at

followed by proton transfer (Scheme *%)In the reactions rt for further 2 h (one-pot) to afford HPA-12 in high yield
(Scheme 2). It should be noted that HPA-12 has been

heme 1
Scheme Scheme 2
LN CyH Que Q

EtO Z 123 4

hig Ph cﬂHgS)LNH 0 .

o Eo. 1. K-Selectride

2. LiBEtsH
EtO NYC”H% C11H23)J\NH OMe 0
0 EtO. A= Ph 5a 92% (synfanti = 19/81)
MeG Ph o}
4 synthesized fronRa in three steps (two-pot) and that the

total yield was 68.6%. According to this efficient synthetic
pathway, the preparation of many other HPA-12 analogues
of silyl enol ethers, similar intermediates that were less stables feasible.
than4 were observed in the reaction pots. In this mechanism, | summary, the first asymmetric Mannich-type reactions
it is noteworthy that chiral induction by the chiral catalyst of N-acylimino esters with enolates have been achieved using
occurred at the initial [4+ 2]-cycloaddition stage. a novel chiral copper cataly&tAs enolate components, silyl
Finally, synthesis of HPA-12 was performed using the engl ethers as well as a vinyl ether reacted smoothly. This
present asymmetric Mannich-type reaction. We have quitejs the first example of using a vinyl ether in catalytic
I’ecenﬂy performed the firSt asymmetric SyntheSiS Of HPA- asymmetric Mannich_type reactioWoreover, a hew type
12 USing a chiral ZirCOﬂiUm-Catalyzed enantioselective Man- of reaction mechanism of the Cata|ytic asymmetric Mannich-
nich reaction as a key stépln this synthesis, however, the  type reactions has been proposed. Catalytic enantioselective
N-protected group of the product was removed and then synthesis of a novel inhibitor of ceramide trafficking, HPA-
12, has been attained in three steps (two-pot) using this novel
" asymmetric reaction.

(15) Similar reaction pathways were reported. (a)Weinreb, S. M.; Scola
P. A.Chem. Rev1989,89, 1525—1534. (b)Gizecki, P.; Dhal, R.; Toupet,

L.; Dujardin, G.Org. Lett.2000,2, 585—588. See also the following: (c) Acknowledgment. This work was partially supported by
Kitajima, H.; Katsuki, T.Synlett1997, 568. (d)Evans, D. A.; Scheidt, K. . id f ientifi hf h :
A.; Johnston, J. N.; Willis, M. CJ. Am. Chem. So@001, 123, 4480. a Grant-in-Aid for Scientific Research from the Japan Society

(16) Ueno, M.; Kitagawa, H.; Ishitani, H.; Yasuda, S.; Nishijima, K.; of the Promotion of Science.
Hanada, K.; Kobayashi, Setrahedron Lett2001,42, 7863. ) ] ] ] ) )
(17) Pilli, R. A.; Russowsky, D.; Dias, L. . Chem. Soc., Perkin Trans. Supporting Information Available: Experimental details

11990, 1213—1214. o . S :
(18) Catalytic enantioselective addition Ké(alkoxycarbonyl)-o-imino and characterization of the products. This material is available

esters to aromatic compounds was recently reported. See ref 12g. free of charge via the Internet at http://pubs.acs.org.
(19) For the utility of vinyl ethers, see, for example: Carreira, E. M,;
Lee, W.; Singer, R. AJ. Am. Chem. S0d.995,117, 3649. OL017062U

Org. Lett.,, Vol. 4, No. 1, 2002 145



